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Summary
F lavin-dependent enzymes are ubiquitous and versatile natural catalysts, ca-pable of catalyzing a plethora of reduction and oxidation reactions. An
overview of recent ﬁndings on new ﬂavoenzymes with unprecedented chemistries
and mechanisms is presented in Chapter 1. A few newly discovered ﬂavoenzymes
have been study targets for this PhD project as can be read in the experimental
chapters (Chapters 2–5). All these chapters provide hints on new possibilities
to exploit ﬂavoenzymes as eﬃcient (oxidative) biocatalysts of various classes and
microbial origins.
The discovery and evaluation of new ﬂavoenzymes requires a strong inter-
play between various research ﬁelds, such as genome mining, protein chemistry,
enzyme kinetics, and structural biology. For large-scale biotechnological applica-
tions, robust oxidative enzymes that can be produced in a recombinant manner
(e.g., by using Escherichia coli) and directly applied as whole-cell biocatalysts, or
at least can be puriﬁed with ease, are preferred. The target enzymes of this thesis
mostly satisfy such prerequisites. The ﬁrst part (Chapters 2 and 3) describes the
explorative study on two FAD-containing ﬂavoprotein oxidases with interesting
substrate scopes: eugenol oxidase from Rhodococcus jostii RHA1 (EUGO) and
an alcohol oxidase from the white-rot fungus Phanerochaete chrysosporium. The
second part of the thesis involves the identiﬁcation of two newly discovered bac-
terial F420H2 regenerating enzymes which are interesting candidates for use as
biocatalysts.
EUGO represents an attractive target for the oxidative transformation of phe-
nolic compounds as the enzyme can be produced in E. coli in large quantities (160
mg of pure enzyme per liter culture). In addition, EUGO is highly thermostable
over a wide range of pH values (at pH from 5.0 to 8.0, 𝑇m = 65 °C) and is tol-
erant towards several cosolvents (Chapter 2). Substrate proﬁling revealed that,
besides the oxidation of vanillyl alcohol and hydroxylation of eugenol, EUGO
can eﬃciently catalyze the dehydrogenation of various phenolic ketones such as
the natural products gingerone and raspberry ketone. Interestingly, EUGO was
also found to perform the kinetic resolution of a racemic secondary alcohol 4-
(1-hydroxyethyl)-2-methoxyphenol with its (𝑆)-enantiomer being selectively ox-
idized. Crystal structures of the enzyme in complex with various products and
inhibitors were determined. Intriguingly, structural comparison of EUGO with
vanillyl alcohol oxidase (VAO) from Penicillium simplicissimum revealed a re-
markable 180° ﬂipped orientation of the ligands, which suggests that EUGO may
accept phenolic substrates carrying two o-methoxy substituents. Indeed, inspired
by these structural data, we tested 4-allyl-2,6-dimethoxyphenol, which is not a
substrate of VAO, and found that this dimethoxy compound is converted by
EUGO (Chapter 2).
The recent identiﬁcation of a novel AOX from the white-rot basidiomycete P.
chrysosporium (PcAOX), that was suggested to eﬃciently oxidize glycerol, has
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prompted us to further investigate this enzyme (Chapter 3). We demonstrated
that PcAOX can be produced with an impressive high yield: >600 mg of pure
protein from 1 L of E. coli culture can be obtained by merely one puriﬁcation
step. To our knowledge, PcAOX represents the ﬁrst fungal methanol oxidase
within the glucose–methanol–choline oxidase superfamily that can be heterolo-
gously expressed in E. coli. Whereas PcAOX displays high catalytic eﬃciencies
towards methanol and ethanol (𝑘cat around 18 s−1), activity towards glycerol, re-
grettably, was found to be very poor (𝑘obs = 0.2 s−1 at 4 M glycerol). The crystal
structure of native PcAOX was solved at 2.40 Å and indicated that the substrate
binding pocket is an exceptionally small and remarkably solvent-inaccessible cav-
ity. These features highly correlate with a clear preference for methanol as the
best substrate and the observed low aﬃnity and activity towards glycerol. Based
on the available structural analysis, preliminary successful rational design has
been achieved in our laboratories (Chapter 3).
F420H2-dependent reductases have potential as biocatalysts for performing se-
lective hydrogenations of a wide range of organic compounds which are otherwise
recalcitrant to reductive activation such as enones and imines in various hetero-
cycles. Two enzymes have been identiﬁed in previous studies that could serve a
role in reducing F420—F420:NADPH oxidoreductase (FNO) and F420-dependent
glucose-6-phosphate dehydrogenase (FGD). The developed E. coli-based expres-
sion systems for these two enzymes would enable the routine production of FGD
and FNO as tools for regeneration or synthesis of reduced F420 (Chapters 4 and
5).
In Chapter 4, we report on the identiﬁcation and expression of an FGD from
R. jostti RHA1 (Rh-FGD1), the ﬁrst F420-dependent enzyme described in this
bacterium. In contrast to the poorly expressed FGD from Mycobacterium tuber-
culosis (Mtb-FGD1), we produced soluble Rh-FGD1 in a rather good yield: 80
mg of pure protein per liter of culture. Rh-FGD1 is a relatively fast enzyme,
with a 𝑘cat of 17 s−1 for glucose-6-phosphate (G6P). Inspection of the struc-
ture of Rh-FGD1 in comparison with Mtb-FGD1 suggested that the phosphate
moiety of G6P occupies a positively charged pocket formed by the side chains of
Lys157, Lys258, and Arg282. The crucial role of three positively charged residues
forming the phosphate-binding pocket was veriﬁed by site-directed mutagenesis.
Interestingly, when glucose was used as a substrate instead of G6P, the mutant
K197N showed a slightly improved 𝑘cat/𝐾m when compared with the wild-type
enzyme. By a more thorough engineering eﬀort, it may be possible to engineer
Rh-FGD1 into a more economical biocatalyst, e.g., an F420-dependent glucose
dehydrogenase that can use a cheaper co-substrate (glucose). The elucidated
crystal structure can guide such enzyme redesign project.
We have identiﬁed a thermostable FNO from the mesophilic bacterium Ther-
mobiﬁda fusca (Chapter 5). This work provides the ﬁrst experimental evidence
for F420-dependent enzymes in this bacterium. Similar to Rh-FGD1, Tfu-FNO
could be heterologously expressed in E. coli (yielding up to 200 mg recombinant
enzyme per liter of culture). As NADPH is a more expensive and less stable
than NADH, we set out to engineer FNO towards NADH as substrate by modu-
lating the residues involved in molecular recognition between the two cofactors.
Based on the crystal structure of FNO in complex with NADP+ (obtained at 1.8
Summary 87
Å resolution), residues that directly interact with the 2′-phosphate of NADP+
were identiﬁed: Thr28, Ser50, Arg51, and Arg55. Our mutagenesis data results
conﬁrmed that these residues play an important role in discriminating between
NADP+ and NAD+. Interestingly, the T28A mutant increases the kinetic eﬃ-
ciency more than three-fold as compared to the wild type enzyme when NADH
was used as substrate, with a moderately high 𝑘cat (5.0 s−1). Thus Tfu-FNO
or mutants thereof represent highly promising candidates for use in biocatalytic
procedures.

